Background and objectives: Nephrogenic systemic fibrosis (NSF) is a disorder that can affect patients with renal dysfunction exposed to a gadolinium-based contrast agent (GBCA). Given the unique role nephrologists play in caring for patients at risk to develop NSF, this study surveyed their perceptions and practices regarding NSF.
I
n 1997, several patients at a southern California hemodialysis center developed symptoms of a previously unknown fibrosing skin disorder (1) . Skin biopsies revealed lesions similar to scleromyxedema. Subsequently, further cases were recognized and renal dysfunction was conspicuously present in all affected patients. Although no clear etiology could be identified, researchers later noted that this new disease (nephrogenic fibrosing dermopathy) could affect multiple systems, with documented fibrosis in the heart, liver, lungs, skeletal muscle, and other organs (2) (3) (4) (5) . In light of these observations, the disease was redesignated nephrogenic systemic fibrosis (NSF) (2-7).
In 2006, Grobner suggested a link between gadolinium-based contrast agents (GBCAs) and NSF (8) . A second report that same year further supported a causative role for GBCAs in the development of NSF (9) . Shortly thereafter, the U.S. Food and Drug Administration (FDA) issued a warning to healthcare professionals and the public regarding the potential risks of NSF after GBCA exposure in patients with renal dysfunction.
Since then, numerous studies have corroborated an association between GBCA and NSF (10 -16) , and in 2007 the FDA required the addition of a black box warning for all GBCAs (17) .
This warning notified healthcare providers about the risk of developing NSF after GBCA exposure in patients with acute or chronic kidney disease with a GFR Ͻ 30ml/min/1.73m 2 or acute kidney injury (AKI) of any degree due to the hepatorenal syndrome or in the setting of a liver transplant (17) . In addition to screening for renal dysfunction and avoiding GBCA use in high-risk scenarios unless essential, the FDA also recommended avoiding repeated or high doses of GBCAs in patients with renal dysfunction. In patients receiving hemodialysis (HD) that are administered a GBCA, the FDA recommended considering prompt HD postexposure while acknowledging that this prophylactic approach was unproven (17) . Despite the discovery of gadolinium as a key factor in the development of NSF in patients with renal dysfunction, relatively little else is firmly known regarding other contributing factors, the natural history of the disease, or effective treatments (16,18 -21) . Nearly all patients with documented NSF had chronic kidney disease (CKD) with an estimated GFR (eGFR) Ͻ 30 ml/min/1.73 m 2 or AKI. In addition to renal dysfunction, potential associations with liver transplant, vascular injury, inflammatory processes, and high doses of erythropoietin stimulating agents have been theorized (16, 18, 20, 22) .
Frequently, clinical nephrologists and their patients confront difficult risk-benefit considerations when choosing whether to use imaging studies with GBCAs. Since 2007, multiple publications have reported on local changes in radiology and/or hospital policies regarding the use of GBCAs in patients with renal dysfunction (23) (24) (25) (26) . Some of these reports document potentially improved outcomes, including a lower incidence of NSF, after the introduction of new, restrictive departmental or institutional guidelines (24) . Conversely, others have anecdotally reported on the potential detrimental effects of delayed or missed diagnoses (e.g., a malignancy) because of these changes (23) . Given the relative rarity of NSF [approximately 315 cases of NSF have been identified as of June, 2009 (27) ], many nephrologists are unlikely to possess an abundance of clinical experience with the disease to help make these challenging riskbenefit decisions. Limitations in clinical experience and our inadequate knowledge of NSF are likely to influence nephrologists' beliefs and practices regarding the disease and the policies established to reduce the risk of developing it. Because nephrologists' play a vital role in caring for and advising the patients most affected by the risks and benefits of undergoing a study with GBCA exposure, it is useful to understand their perceptions and practices concerning NSF and GBCAs. We surveyed clinical nephrologists on their perceptions and practices regarding NSF and GBCAs. We also explored whether clinical experience with this rare disease was associated with differences in responses.
Materials and Methods

Study Population and Setting
A web-based, cross-sectional survey of U.S. nephrologists was performed between October 2008 and March 2009. The sample frame was nephrologists with an active membership in the Renal Physicians Association (RPA), licensed to practice medicine in the United States, and having completed their training in nephrology. Of 3700 RPA members, 2310 were eligible for participation in this survey.
Survey Design
The survey included questions assessing nephrologists' beliefs, attitudes, and practices regarding NSF as well as demographic and practice characteristics. Survey items were developed after appraisal of the literature by two nephrologists (K.A., M.U.), two physician epidemiologists (P.P., A.K.), and a researcher with expertise in survey design (R.C.). The initial survey was reviewed and revised with the assistance of two additional faculty members at the University of Pittsburgh with expertise in survey design and implementation. Subsequently, the questionnaire was pilot tested by physicians in the University of Pittsburgh's Renal Division. Revisions to the questionnaire's content and configuration were made based on feedback received during pilot testing. The survey was then formatted for web-based implementation. A researcher with expertise in survey design reviewed the internetbased survey for format and user-friendliness. The final questionnaire contained 27 items concerning NSF, CKD, and GBCAs and 5 demographic questions (see Supplemental Appendix).
Survey Implementation
Through RPA distribution, all eligible members received an e-mail inviting them to participate in the survey. The invitation included a link to the web-based questionnaire. To enhance participation, the RPA sent a second dedicated e-mail to nonresponders 4 months after the initial e-mail. The invitation also ensured the confidentiality of participant responses and that only aggregate data would be analyzed. The University of Pittsburgh Institutional Review Board and the Centers for Disease Control (CDC) Institutional Review Board approved this study.
Statistical Analyses
Descriptive statistics were used to analyze survey responses. Continuous variables were summarized using means and SD, whereas ordinal and categorical variables were summarized using percentages and frequencies. Fisher's exact test was used to assess independence of categorical variables. Logistic or ordinal logistic regression was used to assess for associations between involvement in the care of a patient with NSF (assessed by "Have you been involved in the care of a patient with NSF?") or an academic practice setting (assessed by "Which best describes your practice setting?") and items assessing nephrologists' perceptions and practices. For all analyses, P values Ͻ 0.05 were considered significant. Analyses were performed using STATA version 10.1 (College Station, TX).
Results
Baseline Characteristics
Of the 2310 eligible nephrologists who were e-mailed, 171 (7.4%) responded. Four respondents failed to complete the entire survey, each answering between 13 and 23 questions. Over 94% of respondents spent at least 50% of their time in direct patient care (data not shown). Respondents' demographic and practice characteristics are shown in Table 1 . Respondents were predominantly in private and group practices. Nearly 59% of respondents reported ever being involved in the care of a patient with NSF. Compared with aggregate data available on eligible RPA members, respondents were more likely to practice in an academic setting (15.6% versus 9.7%, P ϭ 0.02) than a private practice (83.2% versus 90.3%). Respondents were less likely to be in a solo practice (12.0% versus 20.9%, P ϭ 0.02) and more likely to be in a group (73.1% versus 69.4%) or university practice (13.2% versus 9.7%).
Nephrologists' Perceptions
As shown in Table 2 , most nephrologists (Ͼ90%) believed they were knowledgeable about the evidence linking NSF and GBCAs. The overwhelming majority of nephrologists recognized that NSF could be a severely debilitating disease and potentially life-threatening and that GBCAs were a causal factor. Approximately two-thirds recognized an association between the brand of gadolinium used and the risk of developing NSF. Although nearly all respondents believed that CKD stage 5 patients administered a GBCA were at risk to develop NSF, 86% believed that CKD stage 4 patients were also at risk, and over 50% believed CKD stage 3 patients were at risk. Respondents were generally uncertain whether peritoneal dialysis (PD) patients were at higher risk to develop NSF than HD patients.
Facility Practices
Radiologists were most frequently (62%) responsible for approving the use of GBCAs in a patient with renal dysfunction, as seen in Figure 1 . However, 24% of respondents reported that nephrologists were primarily responsible. Similarly, 21% reported that a nephrology consultation was required before GBCA use in a patient with renal dysfunction. Over 90% of respondents reported that practice changes had occurred at their primary facility regarding the use of GBCAs in patients with renal dysfunction, as shown in Table 3 . However, many respondents were uncertain concerning the specifics of these policy changes, as seen in Table 3 .
When characterizing their facility's policy toward GBCA use in ESRD, most respondents (55%) felt use was partially restricted, as shown in Figure 2 . An additional 39% reported that GBCA use was not permitted under any circumstance in patients with ESRD. Most nephrologists (56%) felt these policies were appropriate (Figure 2 ), although 14% felt the policies were too restrictive. Respondents reporting that GBCA use in ESRD was forbidden at their facility were not more likely to report that their facility's policies were too restrictive (P ϭ 0.3, data not shown).
Nephrologists' Practices
Many respondents (31%) reported that they did not recommend an extra HD session for their maintenance HD patients after the administration of GBCAs, as shown in Table 4 . Re- spondents were unlikely to recommend an HD treatment to their maintenance PD (28%), CKD stage 5 (25%), or CKD stage 4 (13%) patients. For maintenance HD patients exposed to GBCAs who received an extra HD treatment, nephrologists reported that the extra session was started within 1 hour (20%) or between 1 and 6 hours (70%) after exposure.
Respondents were largely uncertain whether changes in practice had benefited or harmed patients. Over 58% were uncertain if the changes had beneficial effects on patients, whereas 32% were uncertain if the changes had harmful effects on patients. Interestingly, a similar percentage of respondents reported that practice changes resulted in benefits (27%) and reported that the changes resulted in harm (24%). Examining responses to these two questions together, one-quarter of respondents were uncertain if changes had produced positive or negative consequences, as shown in Figure 3 . Another 22% were uncertain if changes had resulted in benefits but felt that they had not caused harm. Approximately 19% believed that changes resulted in beneficial consequences without detrimental effects for patients. Nephrologists reported that their practices were most frequently influenced by specialty society/ national organization guidance (53%), liability concerns (49%), clinical experience with the disease (41%), facility policy (30%), opinions of colleagues (25%), and medical literature (10%).
Experience with NSF
Approximately 40% of respondents reported that they were not aware of any patients diagnosed with NSF at their dialysis center. Another 42% reported that between one and three patients had been diagnosed with NSF at their dialysis center. Only 10% of respondents reported four or more patients diagnosed with NSF, whereas 8% of respondents were uncertain of the number of patients with NSF at their dialysis center. As shown in Figure 4 , personally caring for a patient with NSF was associated with nephrologists' responses to multiple survey questions assessing perceptions and practices.
Association with Practice Setting
Approximately 16% of responding nephrologists reported practicing in an academic setting (versus private practice). These respondents were more likely to report that their facility had a written policy regarding the use of GBCAs in ESRD [odds ratio (OR): 4.1, 95% confidence interval (CI): 1.6 to 10.3], that their facility required a renal consultation before GBCA use in the setting of renal dysfunction (OR: 2.9, 95% CI: 1.2 to 7.4), and that a larger number of patients had been diagnosed with NSF at their dialysis center (OR: 2.9, 95% CI: 1.2 to 6.7). Academic nephrologists were less likely to report liability concerns as a major factor influencing their use of GBCAs in the setting of renal dysfunction (OR: 0.26, 95% CI: 0.10 to 0.68). 
Discussion
To our knowledge, this is the first study to assess nephrologists' perceptions and practices regarding GBCAs and NSF. Our findings indicate that many nephrologists (approximately 40%) have not cared for a patient with NSF and are not aware of any patients with NSF at their dialysis center. Nonetheless, most nephrologists were well informed of the debilitating and potentially life-threatening nature of NSF and the risk of developing NSF in CKD stage 5 patients administered a GBCA. Changes in facility practices appeared to be pervasive, with over 90% of respondents acknowledging that changes had occurred at their facility regarding the use of GBCAs in the setting of renal dysfunction. Most nephrologists (56%) felt that the policies established at their institution were appropriate, yet they were also generally uncertain (58%) whether these changes benefited patients. Nephrologists who had personally cared for a patient with NSF were more likely to believe that their facility's policy changes had benefited patients.
As expected, the overwhelming majority of nephrologists reported that changes in facility practices had occurred regarding GBCA use in renal dysfunction. These changes included the implementation of partial restrictions or the outright prohibition of GBCA use in ESRD patients. These changes were well received by most respondents, although a minority (14%) felt the restrictions were too aggressive. Surprisingly, 23% of nephrologists were unaware of the existence of any facility policy and most were unaware of a formal, written institutional policy regarding the use of GBCAs, the dose administered, or the brand utilized. We were unable to discern whether this was due to a lack of official institutional policies or the need to improve local dissemination of these policies. Formal local policies are important to ensure practices regarding GBCA use in patients with renal dysfunction represent established recommendations. Indeed, 30% of respondents reported that their facility's policy had a large influence on their practice regarding GBCA use in patients with renal dysfunction. Because we are the primary physician advocates for patients with renal disease, nephrologists should be actively involved in helping to create these policies.
When formal policies already exist, better communication of these policies may allow nephrologists to more fully inform patients of the precautions that are being taken to minimize the risk of NSF. Furthermore, knowledgeable nephrologists may advocate for alternative or additional measures to decrease the risk of NSF or to avoid overly restrictive policies that are unlikely to benefit low-risk patients. This, along with future research advances, may begin to address the mixed feelings expressed by most respondents who reported that they were uncertain whether policy changes had benefited or harmed patients.
Our survey indicates that nephrologists are generally aware of the potential morbidity and mortality associated with NSF, the link to GBCAs, and the risk to CKD stage 5 patients exposed to a GBCA. However, respondents' perceptions were not always well aligned with the available evidence. For example, nearly one-third of respondents did not believe that gadolinium brand played a role in NSF risk. Recent publications comparing various GBCAs have shown differences in the incidence of NSF or NSF-like changes in humans and animals (28 -32) , and the European Medicines Agency and the European Society of Urogenital Radiology have published recommendations classifying agents into low, intermediate, or high risk for causing NSF in patients with renal dysfunction (33) . A recently convened FDA advisory panel also recommended differentiating between GBCAs (34,35) ; however, current FDA guidelines do not differentiate between GBCA brands, and surveyed U.S. nephrologists may not be aware of the existing literature or may not be convinced by it. Further studies investigating the role that gadolinium chelate structure and charge may play in the risk of developing NSF are needed. Nephrologists should consider chelate factors when GBCA use cannot be avoided in a patient with renal dysfunction; these issues have been reviewed in the literature (18, 36) .
Additional areas where respondents' perceptions may not fully agree with the available evidence were also uncovered. Approximately 14% of respondents felt that CKD stage 4 patients administered a standard dose of GBCAs were not at risk to develop NSF; however, studies and reviews have documented this risk, albeit low (37, 38) . Patients and providers need to consider this risk when making decisions to pursue imaging studies with GBCAs in CKD stage 4 patients. Interestingly, 50% of nephrologists believed that stage 3 CKD patients were at risk to develop NSF after GBCA use. Although case reports of NSF in patients with stage 3 CKD exist, they have been in the setting of superimposed AKI (39) . Rare reports of NSF in the setting of stable, very late stage 3 CKD exist (34); however, these reports have been limited by variation and imprecision in reported eGFR values. Plausibly, a very small risk of NSF may exist in patients with stable, late stage 3 CKD, although this has not been convincingly demonstrated. With millions of stage 3 CKD patients in the United States and across the world (40, 41) , restricting the use of GBCAs in stage 3 CKD (especially early stage 3 CKD which is more prevalent) could have a significant effect on the care of many patients. Our survey findings indicate that further educational efforts are needed to bridge the knowledge gap between available NSF literature and nephrologists' perceptions. Future continuing medical education activities and local expert outreach efforts will likely be needed to address this problem. Further studies should also elaborate on potential differences in NSF perceptions and practices between academic and private nephrologists. Such information could guide future educational initiatives and help them better target their audience's needs.
Some nephrologists may believe that an intimate knowledge of NSF is not required because issues regarding screening and consenting patients fall primarily into a radiologist's purview. However, we found that nearly one-quarter of respondents reported that nephrologists were ultimately responsible for approving the use of GBCAs in patients with renal dysfunction. Similarly, over 20% of responding nephrologists reported that a formal nephrology consultation was required to assess NSF risk before gadolinium could be administered to a patient with renal dysfunction. These findings highlight the important role nephrologists are playing in assessing the risks and benefits of studies requiring GBCAs and the need to ensure that our practices are consistent with the growing body of literature on NSF.
Our survey also suggests that national organizations might play an important role in shaping nephrologists' practices and beliefs, because more than half of respondents reported they were greatly influenced by these institutions. Indeed, approximately 70% of nephrologists agreed with the FDA's recommendation to perform HD promptly after a HD patient was exposed to a GBCA despite its unproven efficacy. Whether this is due to a belief in expert opinions, liability concerns, or other factors is unclear.
The findings of this study must be interpreted in light of several limitations. The response rate for our survey was low, and this may reduce generalizability. Respondents to this survey may be self-selected and therefore substantively different from nonresponders (e.g., more knowledgeable and interested in NSF or alternatively less knowledgeable), potentially limiting the external validity of our findings. We attempted to enhance the response rate by sending out a reminder e-mail and including the academic institutional affiliation of the researchers on the survey invitation and webpage. However, we targeted a difficult group to survey-nephrologists with a very active clinical practice. We felt this group of physicians would be most representative of the specialists that kidney disease patients are likely to encounter and hence best reflect "everyday practice." The respondents to our survey were overwhelmingly clinicians in a group or solo private practice who spent the greater part of their work time in direct patient care, generally representative of most U.S. nephrologists and the targeted sample frame-RPA physicians. Another limitation is recall and misclassification bias (e.g., nephrologists may not accurately recall the number of patients with NSF that they have cared for or their local facility's policies).
In conclusion, our findings indicate that many nephrologists have not personally cared for a patient with NSF, and although they are aware of the morbidity and mortality associated with the disease, their perceptions do not always agree with the literature. Although changes in GBCA use have been adopted at most facilities, many nephrologists are unaware of the particulars of these changes. Although most nephrologists were generally comfortable with local changes in GBCA policy, significant uncertainty remains regarding the beneficial effects of these policies on patients. Research is needed to identify additional risk factors for NSF, further describe the incidence of NSF in high-risk patients receiving potentially lower-risk GBCA agents, and determine optimal practices to avoid harm while maximizing the benefits derived from GBCA studies.
